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Abstract 
One of the species which has a prominent role in the biocorrosion of wastewater pipes is Sulfolobus bacterium. This 
bacterium is among the iron oxidizing bacteria. Sulfolobus is from the archae bacteria genus, which provides its needed 
energy by oxidation of sulfur in warm and acidic environments. In this research, the water sample exist in the water supply 
pipelines  at  Sarcheshmeh  copper  mine  was  studied,  sulfur  corrosive  bacteria  were  separated  and  identified  and  their 
biochemical activity was researched and studied and it was found that the target species are in fact Sulfolobus archae 
bacteria which have different enzymatic activities. Due to these enzymatic activities, a considerable amount of sulfur is 
accumulated on the cell surface. Based on various incubation environments, as a result of sulfur accumulation, Sulfolubos 
archae bacteria were identified, and after doing isolation and purification methods, number of colonies have been decrease 
from 10
-1 dilution to 10
-10 dilution and in sample with 10
-1 dilution sample 200 colonies has been reported and in plate with 
10
-10 dilution no colonies has been observed. 
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1. Introduction 
 
Damages due to corrosion causes spending 
a  lot  of  money  each  year  in  order  to  the 
replacement  and  repair  of  the  metal 
equipment  and  installations  of  several 
industries [1]. 
One  of  the  factors  which  cause  the 
biocorrosion  of  metal  pipes  is  sulfur 
aggregation.  Sulfur  is  an  element  with  a 
Valance of -2 to +6 and  included  in the  10 
abundant  elements  in  the  earth  shell.  In  the 
living creatures, sulfur occurs in amino acids 
and  other  polymers,  mostly  in  the  form  of 
sulfydryl  groups  (-SH).  This  element  rarely 
causes the limitation of food consumption in the 
concentration  of  250  ppm.  According  to  the 
previous  studies,  the  sulfur  cycle  is  processed 
biologically  through  aerobic  and  anaerobic 
oxidation [2]. 
One of the species which has a prominent role 
in  the  biocorrosion  of  wastewater  pipes  is 
Sulfolobus bacterium. This bacterium is among 
the  iron  oxidizing  bacteria.  Sulfolobus  is  from 
the  archae  bacteria  genus,  which  provides  its 
needed  energy  by  oxidation  of  sulfur  in  warm Sh. Motamedi et al / Int. J. Ind. Chem., Vol. 2, No. 1, 2011, pp. 63-67 
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and  acidic  environments.  Sulfolobus  archae 
bacteria  are  aerobic,  gram  negative  and 
without spores. They are very irregular cocci 
which exist individually. They are 0.8-2 µm 
in diameter. There are pill-like and false foot-
like  structures  in  them  and  there  are  no 
flagella.  Their  growth  is  absolutely  aerobic 
and occurs in low ionic strength. Under micro 
aerophilic conditions, Fe
3+ and MoO4
2- can act 
as electron acceptors. The suitable pH range 
for these bacteria is 1-6. These bacteria can 
grow  lithotrophically  and  organotrophically. 
Lithotrophic  growth  occurs  through  the 
oxidation  of  sulfide  or  tetrathionate  and 
sulfuric acid is produced. Sulfur oxidation is 
also  possible.  Organotrophic  growth  occurs 
through the oxidation of complicated organic 
substances  like  ferments  extract,  sugars  or 
amino acids [2]. 
The main objective of the present study is 
the biocorrosion control in the water supply 
pipe lines from Khatoon Abad water well to 
Sarcheshmeh  copper  mine  and  subsequently 
to control the biocorrosion and consequently a 
decrease in the water supply pipe replacement 
costs in the flow route. 
 
2. Experimental 
Khatoon Abad well is located in the south 
of Sarcheshmeh copper mine and is the most 
important  water  supplying  source  for 
Sarcheshmeh copper complex. Regarding the 
need of Sarcheshmeh copper mine for water, 
pipes  made  of  steel  and  transfer  channels 
made  of  cement  and  concrete  with  25 
kilometers length are used in order to transfer 
water  from  Khatoon  Abad  water  well  to 
Sarcheshmeh copper mine. According to the 
studies,  the  reason  for  replacing  steel  pipes 
has been due to the corrosion and destruction 
of cement concrete through the corrosion via 
the  presence  of  sulfate  reducing  bacteria  in 
the transferred water. Research shows that the 
rote of  biocorrosion  in this transfer route  is 
2.5 times  that of  chemical  corrosion.  Based 
on  these  results,  in  order  to  control 
biocorrosion  the  emphasis  is  on  controlling 
sulfate reducing bacteria (SRB). 
In this study the presence of sulfate reducing 
bacteria was considered and proved and it was 
shown  that  there  is  a  high  accumulation  of 
sulfate reducing bacteria in Khatoon Abad water 
well. 
The  sequence  of  experiments  is  as  the 
following: 
 
2. 1. Sampling 
2. 1. 1. Microbial analyses 
In order to the microbial analysis of the water 
sample,  the  isolation  and  identification  of  the 
colonies  are  first  performed  in  two  ways.  At 
first,  cultivation  and  dilution  with  pour  plate 
method  in  the  culture  specific  medium  to  the 
desired  bacterium,  referred  to  as  182a  culture 
medium [4]. And then direct cultivation in starch 
agar culture medium is done [3]. 
 
2.  1.  2.  Performing  biochemical  tests  and  the 
necessary  tests  for  determining  the 
morphological characteristics. 
 
2. 1. 3. The effect of pH variations on the growth 
of the bacteria. 
 
2. 1. 4. Study of FTIR spectrum 
In  order  to  study  the  active  groups  in 
Sulfolobus archae bacteria, the FTIR spectrum of 
Sulfolobus  archae  bacteria  was  obtain  after 
autoclaving. 
 
2.  2.  Chemical  analysis  of  the  water 
sample 
In  order  to  the  chemical  analysis  of  the  water 
sample,  some  methods  were  evaluated  and  studies 
according to the related standards. 
 
3. Results and Discussions 
3.1.  In  the  water  sample  cultivation  in  starch 
culture  medium,  the  bacteria  were  first  yellow 
orange and grew after 24 to 48 hours. The plate 
was kept in the laboratory temperature and the 
bacteria grew in the environmental temperature Sh. Motamedi et al / Int. J. Ind. Chem., Vol. 2, No. 1, 2011, pp. 63-67 
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and  after  the  growth  of  the  bacteria  on  the 
plate, H2S gas was released from the plate. 
 
3.  2.  After  the  growth  of  the  samples,  the 
number of colonies on each plate is counted. 
The results are reported in table 1. 
The number of colonies decreased from the 
dilution of 10
-1 to the dilution of 10
-10 and the 
number  of  colonies  in  a  sample  with  the 
dilution of 10
-1 was reported as 200 colonies, 
and no colonies were observed on a plate with 
the dilution of 10
-10. 
 
3. 3. After linear and four-stage cultivation in 
182a  and  88  specific  culture  medium, 
glycerol  and  starch  agar  culture  medium,  it 
was observed that the bacteria had grown in 
all  of  the  three  cultures  and  then  they  were 
purified.  After  observing  the  prepared  lam,  it 
was shown that the bacteria are in the form of 
coccobacillus and are Gram-negative. Regarding 
microscopic  forms,  the  colonies  have  smooth 
and brilliant surfaces, and are yellow and orange 
with  smooth  and  plicate  edges.  The  smell  of 
sulfur is sensed from the colonies after 48 hours 
and the agglomeration of sulfur in the colonies 
seems brown by the stereomicroscope number 4 
magnifier.  Considering  the  colors,  smell  and 
their  growth  in  182a  and  88  specific  cultures 
medium  with  are  Sulfolobus  archae  bacteria 
specific  cultures,  these  colonies  have  been 
reported as Sulfolobus archae bacteria. 
 
 
Table 1. The results of counting the number of colonies on each colony 
 
Dilution  10
-1
  10
-2  10
-3  10
-4  10
-5  10
-6  10
-7  10
-8  10
-9  10
-10 
Number of colonies  200  150  50  20  10  5  3  2  0  0  
 
In  order  to  confirm  these  results,  some 
enzyme  related  experiments  are  performed 
which show that the isolated bacteria are able 
to  grow  in  INM  medium  and  thus  it  is 
concluded that nitrogenous enzyme has been 
produced.  The  microscopic  images  of 
Sulfolobus archae bacteria is illustrated in the 
Fig. 1. 
 
   
a  b 
   
c  d 
Fig.  1.  a,  b:  Images  of  Sulfolobus  archae  bacteria 
which cultivated in 182a specific culture medium; c, d: 
Microscopic images of Sulfolobus archae bacteria  
 
3.  4.  Some  tests  related  to  sugar  fermentation 
have  also  been  performed  and  the  obtained 
results are as the following: 
 
3.  4.  1.  The  isolated  samples  are  cultivated  in 
182a  specific  culture  medium  and  turbidity  is 
observed in the culture after 24 hours. 
 
3. 4. 2. Areola is obtained in Starch Agar culture 
medium after 1 week (Fig. 2). 
 
3. 4. 3. These samples also grow in Skim Milk 
and Egg Yolk medium (Fig. 3). The results of 
the enzymatic activities of the obtained bacteria 
are reported in table 2. 
 
3. 5. Necessary tests are performed in order to 
identify the properties and characteristics of the 
bacteria and the results are reported in table 3. 
 
3. 6. pH variation is used in order to characterize 
the sample, so that pH is first set in 4 by H2SO4, 
0.1  N,  and  a  series  of  erlens  containing  182a 
medium with pH= 4, are placed on a shaker at Sh. Motamedi et al / Int. J. Ind. Chem., Vol. 2, No. 1, 2011, pp. 63-67 
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180 rpm and 28-30°
 c and a series of erlens 
are  kept  at  the  laboratory  temperature  and 
consequently  the  following  results  are 
obtained. 
 
3.  6.  1. The  contents  of  erlens  with  pH=  4 
placed on a shaker, grow after 24 hours, and 
the  bacteria  mass  is  formed  and  the  medium 
turns completely yellow. 
3. 6. 2. The contents of erlens containing 182a 
medium  with  pH=4  which  are  kept  at  the 
laboratory temperature also grow after 24 to 48 
hours, but the turbidity, agglomeration and the 
color change of the bacteria are less. 
 
 
Table 2. Results of some tests related to sugar fermentation & Enzymatic activities 
 
Medium  Strain 
A  B 
Xylose  Growth in area  Growth in area 
Lactose  purple  purple 
Mannitol  purple  purple 
Glucose  Growth in area  Growth in area 
Arabinose  purple  purple 
Tryhalose  purple  purple 
Starch Agar culture medium  growth in a very high area  growth in a very high area 
Skim Milk Agar culture medium  - growth in good area 
- there is no clear areola 
- growth in good area 
- there is no clear areola 
Egg Yolk culture medium  growth in a poor area  growth in a poor area 
Nutrient Agar culture medium  growth in a very high area  growth in a very high area 
 
 
 
 
Fig. 2. Areola is obtained in Starch Agar culture medium 
after 1 week 
 
 
 
Fig. 3. Growth in Egg Yolk culture medium 
 
Table 3. Results of tests related identification of bacteria 
 
Medium  Strain 
A  B 
TSI (Triple Sugar Iron Agar)  Growth 
in area 
Growth 
in area 
Citrate  +  + 
SIM (Sulphide (Hydrogen) 
Indole Motility)  +/+/-  +/+/- 
INM (Indole Nitrate Medium)  +  + 
Mannitol Salt Agar  -  - 
MR (Methyl-Red)  -  - 
VP (Voges Proskauer)  +  + 
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3.  7.  In  order  to  study  the  active  groups  in 
Sulfolobus archae bacteria, the FTIR spectrum 
of Sulfolobus archae bacteria was obtain after 
autoclaving.  These  spectra  indicate  the 
presence of some active groups in the related 
bacteria.  The  observed  pick  in  3395.13cm
-1 
indicates  the  presence  of  hydroxyl  (OH)  and 
NH groups. C=O functional group is observed 
in 1652.05 cm
-1 . The presence of C-H groups 
is indicated in 1401.28 cm
-1. The Amine groups 
(C-N band) in the wavelength of 1073.68 cm
-1 
and the C-H groups observed in the wavelength 
of  674.16  cm
-1.  The  observed  pick  in  1200-
1400  cm
-1  is  attributed  to  polysaccharide 
groups.  The  FTIR  spectrum  obtained  from 
Sulfolobus archae bacteria is illustrated in the 
Fig. 4. 
 
 
 
Fig. 4. FTIR spectrum of Sulfolobus archae bacteria 
 
J.E. Duddridje and A.M. Pritchard in 1983 
that  some  environmental  factors  have  an 
effective role in the growth or loss of growth of 
the  microorganisms  responsible  for  the 
biocorrosion and in the formation of microbial 
links on the surfaces, from the both aspects of 
the  quantity  of  the  links  and  the  quantity  of 
such microbial reactions and linkage. Some of 
these  environmental  conditions  are  as 
following: pH, temperature and inorganic ions 
[5]. 
A.  Tiller  and  coworkers  in  1983  have 
reported that the process of metal biocorrosion 
is usually completed via the presence of some 
kinds  of  microorganisms:  fungi,  algae  and 
bacteria [6]. 
It has shown due to more understanding the 
biocorrosion  field that, the role of  bacteria  is 
more prominent than other microbial groups. 
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